SUMMARY A large number of district general hospitals have access to diagnostic ultrasonography and other methods of prenatal diagnosis, resulting in an increased supply of freshly terminated malformed fetuses to general histopathology departments, and there is now more open discussion of malformation and greater concern over fetal wastage. General pathologists are therefore under greater pressure to produce complete and detailed descriptions of a wide range of often complex anomalies. The dismissal of specimens as "multiple congenital anomalies" is becoming increasingly unacceptable to couples who wish to embark on further pregnancies and to their medical attendants. As in other fields an understanding of the methods and terminology in clinical use and a consistent diagnostic approach should help pathologists to extract sufficient information for accurate counselling.
The use of amniocentesis for prenatal diagnosis has supplied general histopathologists with a steady but small number of malformed fetuses. These have mostly been the result of late termination of pregnancy for a relatively small range of abnormalitiesneural tube defects and chromosome anomalies, in particular. The widespread application of ultrasound examination during pregnancy has led to a new type of specimen for histopathologists. This is the smaller freshly terminated fetus with anatomical defects. Increasing use of chorionic villus biopsy and fetoscopy is going to add to the number of abnormal fetuses coming into the general pathology laboratory. Paralleling the new emphasis on early detection of abnormality, public opinion on and doctors' attitudes to abortion and malformation have changed considerably.' -Deferral of childbearing until later in life and the anticipation of a small planned family mean that the emotional impact of an abnormal pregnancy is now far greater than it used to be. When a planned pregnancy is interrupted for any reason, the parents will expect competent and detailed counselling.
Because of changing social and clinical attitudes, a greater responsibility is placed on the pathologist who examines the terminated specimen: he must decide Accepted for publication 8 May 1986 how the material is to be handled to maximise the amount of information that will be available to the clinical geneticists; he must catalogue all the anomalies found and not simply confirm the original findings; he must have a good working knowledge of the mechanisms of deformation and malformation and must be aware of the principles of screening and the complications of prenatal diagnosis. Perhaps most importantly, he should be in close contact with the clinical teams responsible for the management of an abnormal pregnancy and the counselling of the parents.
This review outlines the background to prenatal diagnosis and examines the types of fetus likely to be seen in a busy general histopathology department. Because chorionic villus sampling and fetoscopy are at present only undertaken in a few centres, these topics will not be considered in depth. The review will focus on the sort of defects detected by amniocentesis and ultrasound investigations, which are available in most obstetric units.
Fetal pathology is an enjoyable, interesting, and rewarding field that is well within the competence of the general pathologist. A detailed knowledge of clinical genetics or embryology is not required, and the clinical impact of accurate and complete pathological diagnosis equals that of any other element of diag-1049 nostic pathology. Indeed, it seems that handling such material without the rigour expected in surgical histology will soon be seen as negligent rather than careless. 4 To confirm the presence of a neural tube defect without searching carefully for associated anomalies is equivalent to confirming that a breast mass is malignant without looking for evidence of lymphatic metastasis.
Principles of screening
The delivery of a terminated fetus to the pathologist is the result of a chain of events loosely described as screening. Although the pathologist plays no part in the execution of a screen, he is responsible for one element of quality control in the procedure. It is important, therefore, to have some understanding of the principles of screening and to realise that screening can fail and can harm.
The term "screening" refers to the identification of subjects in an apparently normal population who are at sufficient risk from a condition to warrant a diagnostic test or direct preventative action. Although it is common to associate a particular test with a screening programme, it should be realised that screening may refer to something as simple as an enquiry into maternal age or family history. Only if this initial screen is positive is it followed by amniocentesis or fetoscopy, which are diagnostic rather than screening tests, because intervention is determined by their results. 5 Knowles The requirements for a worthwhile screening programme have been discussed by Cochrane and Holland. 6 In the United Kingdom prenatal screening sets out to detect open neural tube defects in the general population-and aneuploidy in advanced maternal age. Routine antenatal ultrasound examinations are performed primarily as a method of validating gestational age and detecting growth retardation. Many gross fetal anomalies, however, are detected by chance during such routine ultrasonography. It should be emphasised that a thorough scan may take up to 45 minutes, even in the hands of a highly experienced medical ultrasonographer. The rapid routine scan, which may detect a major malformation such as exomphalos, should not be expected to pick up lesions that can be detected by a more rigorous approach.
Methods of antenatal diagnosis
The impact of advances in prenatal diagnosis have been reviewed by several authors,7 8 and some points relevant to pathologists are discussed below. to any other for the estimation of gestational age, the diagnosis of multiple pregnancy, and the detection of placenta previa at 16-18 weeks. Combined with an estimate of MSAFP, it was felt that ultrasonography also represented a cost effective and accurate method of screening for congenital defect. Several excellent reviews of the technique have been published recently. 25 27 In addition to detecting gross defects such as exomphalos and hydrops, the method may be used for fetal sexing as early as 15 weeks' gestation28 and for indicating all but the most minor cardiac defects29 in the face of an "at risk" pregnancy.
Pathological examination
The pathological examination of the fetus and embryo has been detailed previously.30 32 Some comments on ancillary investigation will therefore be followed by outlines of the types of anomaly commonly seen and the ways in which the pathologist can approach each of these diagnostic groups. genetical, microbiological, and biochemical examination. Where possible, it is preferable to arrange for all fetal and embryonic material to be sent directly from the ward or theatre fresh and dry, not in saline. When the specimen is delivered out of laboratory hours it may be safely refrigerated until the following morning. Even larger fetuses cool rapidly under refrigerated conditions. Because of this rapid cooling, preservation of histological details is unaffected and ancillary tests remain reliable.
If the history suggests infection, metabolic, or chromosomal abnormality samples should be taken early in the examination. This not only prevents contamination but also prevents irretrievable loss of samples. It is impossible to go back to a fetus for a blood sample after it has been eviscerated.
MEASUREMENTS
Although the value of the exercise has been questioned, routine weighing of the fetus and placenta is recommended, and basic variables of growth such as crown to heel length are worthwhile. These measurements, however, are subject to considerable observer bias and can be rendered even less reliable if the fetus has been fixed in a flexed posture. 30 Where there is Contrast media may be used to show central nervous system, urinogenital, and vascular anatomy. To show hydrocephalus or urinary tract lesions urograffin is advised (fig 4) . For angiography, a mixture of barium and gelatin will penetrate to capillary level and allow tidy dissection to be made later ( fig 5) . The mixture sets best if a small quantity of formol saline is added immediately before use.
DISSECTION
The approach advocated by Berry30 is to take transverse freehand slices through fetuses smaller than 10 cm crown to rump and to examine these slices with a hand lens or dissecting microscope. In fact, a reason- ably comprehensive necropsy can be performed on most such specimens larger than 7 cm. Because the specimen need not be reassembled, body wall incisions may be more generous than usual. A modified Rokitanski technique, with removal of all but the urinogenital viscera en bloc, will prevent anomalous pulmonary drainage being missed. The precise method adopted in a given case will be dictated by the abnormalities found.
The brain of previable fetuses is far softer than that of an adult or even a term infant. Removal of the unfixed central nervous system is likely to lead to considerable damage. This is particularly so in cases of nydrocephalus. Although fixation causes some hardening of the tissues, the water content is so high that the brain should still be handled with extreme care. Fixation is best achieved in situ by making incisions in the scalp and skull and then immersing the entire fetus in formalin for one or two days. Because the protein content is so low, fixation is far more rapid than in the adult. After fixation the brain may be delivered from the head into a bowl of formalin. Sus Examination ofproducts of conception terminated after prenatal investigation increase buoyancy.
In the presence of hydrocephalus and spina bifida an Arnold-Chiari malformation should be excluded by removing the posterior portions of the upper cervical vertebrae and occipital bone before the vault has been opened. The precise position of the medulla with respect to the upper cervical vertebrae may then be determined (fig 6) . Hydrocephalus and Arnold-Chiari malformations may be shown by radiology following the introduction of oily contrast medium into a lateral ventricle. 32 Defects of the palate and nasopharynx may be best visualised in small specimens after the tongue has been routinely brought down. Photography is improved if the lower jaw is removed entirely. Alternatively, the chin may be incised through the symphysis mentis and the two halves of the mandible retracted to either side to permit better illumination.
The respiratory system should be removed as part of the modified Rokitansky method. As in the examination of the larger infant, the larynx and trachea should be examined with the oesophagus attached, so that a fistula is excluded. In any case in which pulmonary hypoplasia is suspected-for example, in diaphragmatic hernia or the oligohydramnios sequence the lungs may be inflated with a standard formalin solution. The trachea is ligated below the cricoid cartilage and formalin is instilled with a syringe and needle until the visceral pleura appears slightly tense. If the lungs are to be disconnected from the mediastinal block (which, preferably, should not be done), the pulmonary arterial and venous connections should be inspected first to exclude anomaly.
If the fetus has been fixed before the cardiovascular system is investigated the presence of lumps of clotted blood obscures the chambers and valves. The fixed myocardium also tends to tear when the ventricles are opened. For these reasons examination of this part of the fetus should be performed in the unfixed state wherever possible.
There is no particular modification of standard methods for the examination of the gastroinestinal and hepatobiliary systems. When there is rectal atresia or evidence of genital ambiguity, the lower colon and rectum should be removed en bloc with the urinary tract to allow examination for cloacal anomalies.
Examination of most of the urinary tract can be undertaken with the system in situ. In cases of cystic disease and hydroureter the lower urinary tract should be carefully examined for the presence of obstruction. Urethral lesions are often associated with ambiguous or malformed external genitalia. Genital ambiguity may be recognised in quite early gestations if normal genital development is understood.35 A review of certain cases is often requested many months after the specimen has been terminated-for example, when a subsequent pregnancy seems to be abnormal. Although a comprehensive description, photography, and histological records will usually suffice, it is preferable to have continuous access to the specimen itself. After fixation the fetus may be placed in a sealed polythene bag and stored in perpetuity. This exercise does not take up much space and permits retrospective study for research purposes, or in cases of doubt. (table 4) . Mid trimester abortuses with these aneuploidies show a higher incidence of major visceral anomaly than that suggested by studies based on neonatal populations. 38 Although the diagnosis should not be made on morphological grounds alone, the features may strongly point towards one or the other syndrome. The hands in trisomy 18 adopt a characteristic position with the middle and ring fingers overridden by the index and little fingers. This may be seen in quite early abortuses. Holoprosencephaly, with its associated facial defects, is characteristic of trisomy 13. However certain the diagnosis seems to be, samples should be taken for cytogenetics.
Continuing wastage during the course of pregnancy biases our perception of the "normal" appearance of the chromosome abnormalities. Thus the characteristic appearance of Turner syndrome (46XO) in the second trimester is very different from the short stature and webbed neck seen in infants and children. In the fetus the hallmarks are hydrops, cystic hygroma, and coarctation of the aorta. The ovaries seem relatively well formed at this time and show some primordial follicles on histology. Although monosomy X has a characteristic fetal phe- anomalies, but the inheritance is autosomal recessive in cases of Roberts's42 and Meckel-Gruber syndromes. 43 Frontal encephalocoele is a rare anomaly.
SKELETAL DYSPLASIAS AND OTHER CAUSES OF LIMB REDUCTION
Ultrasonographer, fetoscopist, radiologist, and histopathologist alike may be forgiven for despairing at the range of syndromes that may present with limb reduction or shortening.44 Access to a clinical geneticist is essential. In practice, cases may be divided into those which present as an unexpected finding on routine ultrasonography and those which have been actively sought in a family with a known history of skeletal defect. In the first instance a fortuitous discovery of limb defects at 16-18 weeks' gestation generally implies a severe disorder that is likely to lead to perinatal death or severe deformity. In the second instance the ultrasonographer or fetoscopist may be looking for markers such as polydactyly or facial Knowles through the axilla after the skin of the thorax has been reflected laterally. This method avoids incising the skin of the arm. In cases in which the fetus is to be handled by the parents the bone may be replaced by a suitable internal splint. There is a good case for standardised sampling of the physeal region. as recommended by Yang et al. 46 The severe neonatal bone dysplasias have been reviewed by Sillence et al. 47 The condition most likely to be found by the general histopathologist is thanatophoric dysplasia, which is, with few exceptions, sporadic in occurrence. 48 The radiographic appearance of thanatophoric dysplasia is characteristic, with "telephone receiver" femurs, a narrow oblong thorax, flat vertebral bodies, angulated clavicles, and medial pelvic spurs. The histological appearance of the epiphyseal and metaphyseal region of a long bone will confirm the diagnosis of thanatophoric dysplasia by showing complete disruption of the normal cartilaginous columns and haphazard trabecular growth (fig 8b) . Heterozygous achondroplasia, with which thanatophoric dysplasia is often confused, shows relatively good preservation of the architecture of the epiphyseal plate. There should be little clinical con- 
Examination ofproducts of conception terminated after prenatal investigation fusion, because the limb shortening in the achondroplast occurs in late pregnancy and is difficult to show much before 24 weeks' gestation, even by careful ultrasonographic measurement. 49 The fractures of severe osteogenesis imperfecta may be readily seen at 16-18 weeks in utero. Histological examination shows normal column formation but very thin osseous trabeculae (fig 8c) . In these and in other cases of interest to molecular geneticists the spleen should be snap frozen for DNA studies. Even when the pathologist is confronted with an obvious skeletal dysplasia, fetal organs should be sampled rigorously. Renal cystic lesions and congenital hepatic fibrosis may help to confirm a diagnosis of Jeune syndrome, and tracheomalacia is a feature of camptomelic dysplasia.
Many clinicians find the terms dwarf and dwarfism offensive. Such terms can be avoided by the use of the word dysplasia, emotive to many pathologists but not to patients.
ABDOMINAL WALL AND GASTROINTESTINAL DEFECTS
Abdominal wall defects may be isolated defects or may occur as part of the early amnion rupture sequence, Beckwith-Weidemann syndrome, MeckelGruber syndrome, or trisomy 13 and 18. Congenital anomalies of the gut are common and very varied.50-52 They are generally detected prenatally only if they lead to dilatation either of the gut itself or of a duplication cyst. Prenatal diagnosis of cystic fibrosis is a matter of unresolved debate at present.5354 It is occasionally detected prenatally as ileus or meconium peritonitis. Biochemical and genetic markers are as yet unreliable for population screening. If cystic fibrosis has been tentatively diagnosed on the basis of intrauterine obstruction the histological appearance of the colonic mucosa may be characteristic.55 It is unusual for the pancreas itself to show much change in early gestations.
URINARY TRACT ANOMALIES
The principal indications for high resolution ultrasonography of the urinary tract are oligohydramnios, a history of malformation, or a suspicious routine scan. 56 The common findings are enlarged and cystic kidneys, urinary obstruction with an enlarged bladder, or renal agenesis (fig 9) . Although bladder and renal enlargement are both relatively easy to show, the ultrasonographic diagnosis of renal agenesis is difficult57 and should only result in termination of pregnancy when it has been confirmed by a highly skilled ultrasonographer. When urinary outflow is diminished, oligohydramnios and restricted fetal movement render the scan difficult to interpret. When longstanding oligohydramnios has occurred, the fea- (fig 1 1) . The differential diagnosis of hydrops and its investigation has recently been reviewed by Keeling.64 (fig 12) .
Gonzalez-Crissi65 has detailed the gross and microscopic appearance of extragonadal teratomata, together with an excellent discussion on aetiology and pathogenesis. There is an apparent overlap between teratoma and conjoined twins, and where the degree of "fetiformity" of the tumour is high, especially cases in which an axial skeleton is present, the possibility of fetus in fetu should be considered. important to document such injuries, even if termination has been induced because of fetal defect.
The method of termination and the way in which the specimen has been handled may both lead to artefactual changes in the fetus that can be confused with genuine pathology. Prostaglandin induction results in the expression of the fetus through an unripe cervix. This often leads to visceral trauma, especially rupture of the liver, and damage to the anterior abdominal wall. Some of the artefacts are very misleading ( fig  15) . Facial and trunk deformity may result from the fetus being crammed into a small specimen jar or bucket. Most of these artefacts can be recognised after a little experience.
Conclusions
Pathological examination of fetuses terminated after a prenatal investigation is often prejudiced by an impression that, as the diagnosis is already apparent, no further effort is required. Few pathologists would use such an argument when confronted with a cole- ctomy specimen after colonoscopic biopsy or a cone biopsy specimen after an abnormal smear. On the other hand, clinicians are often guilty of dumping these specimens on to the pathologist without suggesting that they might be important for accurate counselling.81 I hope that this review has shown that the pathologist has a pivotal part to play in the assessment of the malformed fetus. Although syndrome diagnosis seems intimidating to the generalist, an accurate description of anomalies will narrow the differential diagnosis. Thoughtful use of investigations such as cytogenetics will narrow the choice further. With the increasing use of computed databases for syndrome identification,82 there is less excuse for incomplete diagnosis and imperfect counselling.
When the busy general pathologist finds a malformed fetus sandwiched between two fibroid uteruses at the end of a heavy cut up, he might pause for thought before condemning the specimen to the diagnostic dustbin of "multiple congenital abnormal-ities." Insufficient time to do these cases justice should be an argument for better staffing. Insufficient back up-for example, photography or radiology-should be made into a case for additional resources. Insufficient experience should lead to better training or regional referral. The pathologist is as responsible here as he is in any other branch of his subject for maximising the information available to clinicians. A family that has been subjected to the trauma of pregnancy termination for fetal anomaly deserves no less.
